The aim of the study was to analyze the role of immunosuppressive therapy and identify independent predictors of therapeutic effectiveness and outcome in IgA nephropathy (IgAN) patients with proteinuria. Material and methods: Two hundred and six IgAN patients with proteinuria (1-3.5 g/day) were included between January 2005 and December 2011, and divided into two groups: group A (n = 125), receiving renin-angiotensin system blockade therapy alone; and group B (n = 81), combining the above with immunosuppressive therapy. The clinicopathological features, response and safety were recorded. In univariate and multivariate models, the factors that influence response to therapy and renal outcome, especially pathologic features, were analyzed. Results: The patients in group B presented more severe proteinuria and hypoalbuminemia with more severe hematuria (p < 0.05) but no significant difference in the pathologic changes compared with group A. After follow-up, the response rate was higher in group B than in group A (p < 0.001). No pathologic feature or clinical parameter apart from steroid therapy (HR = 0.500, 95% CI: 0.304-0.821, p = 0.006) was strongly associated with therapeutic effectiveness. Endocapillary hypercellularity (HR = 2.849, 95% CI: 1.244-6.524, p = 0.013) seemed to be an independent predictor of poor response to steroid therapy. The renal survival rate was not significantly different between the two groups (p = 0.074). Estimated glomerular filtration rate at baseline may be an independent predictor of renal outcome. Conclusions: Steroid therapy could be an effective therapy in proteinuric IgAN patients, and endocapillary hypercellularity seemed to predict poor response to steroid. Renal function at baseline rather than treatment strategies and pathologic features may be independently associated with renal survival.
Introduction
IgA nephropathy (IgAN) is characterized by the predominant deposition of IgA in the glomerular mesangium, which is the most common form of glomerulonephritis worldwide and accounts for nearly half of the primary glomerular diseases in China [1, 2] . End-stage renal disease (ESRD) occurs in approximately 15% of patients with IgAN within 10 years [3] . In the last few decades, some histologic classifications for IgAN have been developed [4, 5] . Recently, the Oxford classification, a new histopathologic classification of IgAN, was developed by the International IgA Nephropathy Network [6, 7] . The classification was established according to the biopsies of 265 adults and children and consisted of four histopathologic features-mesangial hypercellularity (M), endocapillary hypercellularity (E), segmental glomerulosclerosis (S) and tubular atrophy/interstitial fibrosis (T). The purpose of this classification was to be reliable and simple for predicting clinical outcome, although it required validation in different populations [8] . Some medications, including angiotensin-converting enzyme (ACE) inhibitors and angiotensin receptor blocker (ARB), even steroids and immunosuppressants, were gradually used for treatment of glomerulonephritis such as proteinuric IgAN [9, 10] . However, few therapeutic trials included pathologic factors and intended to find clinicopathological predictors. Only a small number of reports published different conclusions relative to the predictive value of the pathologic lesion on the therapeutic effectiveness and prognosis in IgAN patients [11] [12] [13] .
In this single-center, retrospective study, we aimed to analyze the role of immunosuppressive therapy and identify the independent predictors, especially the predictive value of the pathological features for therapeutic effectiveness and renal survival in a cohort of patients with IgAN from southern China.
Material and methods

Patient selection
Patients with biopsy-proven IgAN with proteinuria (1-3.5 g/day) from 2005 to 2011, who were registered in the Sun Yat-sen University First Hospital IgAN Database (http://igan.medidata.cn), were enrolled in this study. Patients who met the following criteria were excluded: fewer than eight glomeruli on the biopsy; and secondary causes of mesangial IgA deposits, such as Henoch-Schonlein purpura, liver disease and systemic lupus erythematosus.
Clinicopathologic data
The following clinical and laboratory data were collected at the time of biopsy: age, gender, medical history, systolic and diastolic blood pressure, body mass index (BMI), serum cholesterol, triglycerides, high-density lipoprotein cholesterol (HDL-C), low-density lipoprotein cholesterol (LDL-C), serum creatinine, blood urea nitrogen (BUN), serum albumin, uric acid, hemoglobin, amount of red blood cell (RBC) in urine and proteinuria, serum IgA and treatment modalities. Information such as proteinuria and serum creatinine was collected during the follow-up period. Drug safety was also recorded.
All renal biopsy specimens were divided routinely for immunofluorescence microscopy, light microscopy and electron microscopy. The paraffin-embedded sections were stained with hematoxylin and eosin, periodic acid-Schiff, silver methenamine, and Masson's trichrome. Two pathologists independently reviewed all renal biopsies and reached a consensus, according to the Oxford and Lee's classifications [6, 7] . Four pathologic features of the Oxford classification were defined as follows: mesangial score of ≤ 0.5 (M0) or > 0.5 (M1); segmental glomerulosclerosis absent (S0) or present (S1); endocapillary hypercellularity absent (E0) or present (E1); and tubular atrophy atrophy/interstitial fibrosis ≤ 25% (T0), 26-50% (T1) or > 50% (T2).
Definitions
The time of renal biopsy was used as the starting point, and the study end point was defined as ESRD or doubling of creatinine level. End-stage renal disease was defined as an estimated glomerular filtration rate (eGFR) of < 15 ml/min per 1.73 m 2 , using the modified Modification of Diet in Renal Disease equation for the Chinese population or initiation of dialysis or transplantation [14] . Hypertension referred to a blood pressure of greater than 140/90 mm Hg; blood pressure measurements were repeated twice in a patient in a standing position and in the patient's right arm. The mean arterial pressure (MAP) was defined as a diastolic pressure plus one-third of the pulse pressure. Proteinuria was measured by 24-h urine protein collection. The average proteinuria every 6 months was calculated, which represented the time-averaged proteinuria. Renin-angiotensin system (RAS) blockade included exposure to angiotensin-converting enzyme inhibitor (ACEI), ARB, or both. Immunosuppressive therapy was defined as receiving steroids with or without an immunosuppressant. Steroid therapy included use of oral prednisone (starting at 1.0 mg/kg per day for 6 to 8 weeks and then tapered to 5 to 10 mg every 2 weeks) for 6 months at least. Immunosuppressants included cyclophosphamide (used at a total dosage of 6 to 8 g) or mycophenolate mofetil (used at a dosage of 1.5-2.0 g/day for 12 months). Response was defined as ≥ 50% reduction in proteinuria during follow-up, with stable renal function (serum creatinine within the normal range or not increased by 30% more than baseline values). Non-response was defined as < 50% reduction in baseline proteinuria or progression to renal survival end point (ESRD or doubling of creatinine level).
Statistical analysis
Continuous variables were expressed as the means ± standard deviation or medians with the 25 th and 75 th percentiles and analyzed by the t test or Mann-Whitney U-test. Categorical variables were presented as frequency with percentages and analyzed using the χ 2 test. The occurrence of response and renal survival end point were analyzed using the Kaplan-Meier method compared by the log rank test. Univariate followed by multivariate Cox regression was used to determine the independent predictors of therapeutic effectiveness and renal survival during follow-up. All pathologic features were included in univariate Cox regression, and only pathologic features significantly associated with therapeutic effectiveness or renal survival were considered in multivariate Cox regression. The results were expressed as the hazard ratio (HR) with 95% confidence intervals (CIs). Value of p < 0.05 was considered statistically significant. All statistical analyses were performed with SPSS 16.0 (SPSS Inc., Chicago, IL, USA).
Results
Clinicopathologic characteristics of patients receiving immunosuppressive therapy
The study population included 206 patients with average age of 33.2 ±10.1 years at the time of biopsy. Mean MAP was 93.5 ±13.6 mm Hg, mean proteinuria was 1.7 ±0.6 g/day, and mean eGFR was 88.4 ±41.2 ml/min per 1.73 m 2 . According to the Kidney Disease Outcomes Quality Initiative classification, 94 (45.6%), 56 (27.2%), 43 (20.9%) and 13 (6.3%) patients had stages 1, 2, 3 and 4 chronic kidney disease, respectively. All patients received RAS blockade. One hundred and twenty-five patients received RAS blockade alone (60.7%, 125/206); 81 patients (39.3%, 81/206) received steroids, in 25 of them (12.1%, 25/206) in combination with immunosuppressants (20 patients received mycophenolate mofetil and 5 patients received cyclophosphamide).
The patients were divided into two groups according to different therapies, namely, RAS blockade therapy alone (group A) and in combination with immunosuppressive therapy (group B). At the time of renal biopsy, patients in group B presented with higher proteinuria (group B 2.0 ±0.7 g/day vs. group A 1.6 ±0.5 g/day, p < 0.001) and lower serum albumin (group B 35.8 ±5.7 g/l vs. group A 38.3 ±4.3 g/l, p = 0.001) than patients in group A. The severity of microscopic hematuria in group B was mainly ≥ 2+ (group B 44.4% vs. group A 24.8%, p = 0.003). The time-averaged proteinuria was significantly higher in group B (group B 1.3 ±0.7 g/ day vs. group A 1.1 ±0.7 g/day, p = 0.014). Except for these, neither the laboratory indices nor the remaining clinical indices were significantly different between the two groups (Table I ). There were no differences in any pathologic features (Table II) .
Response to therapy and renal outcome
The follow-up period for these 206 patients was 28 ±16 months, which showed no significant difference between the two groups (group B 29 ±14 months vs. group A 27 ±16 months, p = 0.339).
Response rates in group A at 1, 2 and 3 years were 56.7%, 40.9% and 29.5%, respectively. However, response rates in group B at 1, 2 and 3 years were 90.2%, 66.0% and 49.1%, respectively; these rates were significantly higher than those in group A. It was suggested that immunosuppressant therapy may have a positive effect for therapeutic effectiveness in group B in the follow-up.
The 3-year renal survival rate was not significantly different between the two groups (group B 91.6% vs. group A 84.7%, p = 0.074) (Figure 1) . No death was reported in either group. Doubling of serum creatinine or ESRD occurred in 16 patients (7.8% of all patients): 13 (10.4%) in group A and 3 (3.7%) in group B.
Additional treatments
Nine patients in group A (RAS blockade alone) received steroid therapy additionally after 18 to 33 months of follow-up because of relapsed proteinuria (1.9 to 3.4 g/day). Proteinuria again decreased in all cases (data not listed).
Safety
The side effects of the treatment were mild in both groups. None of the patients in either group developed intolerable cough or hyperkalemia that would cause withdrawal from RAS blockade treatment. One patient treated with steroids and 1 patient treated with steroids and mycophenolate mofetil experienced a common cold that was controlled quickly after symptomatic treatment. None of the patients who received immunosuppressive therapy developed diabetes mellitus. Serious adverse events such as serious infections were not observed in either group.
Predictors of therapeutic effectiveness and renal outcome in proteinuric IgA nephropathy
The impact of clinicopathological parameters and treatment scheme on the therapeutic effec- tiveness were analyzed. In univariate Cox analyses, no pathologic feature except steroid therapy (p < 0.001) and proteinuria (p = 0.015) was found to impact response to treatment. In multivariate Cox analyses, steroid therapy (HR = 0.500, 95% CI: 0.304-0.821, p = 0.006) was a protective factor for response to treatment (Table III) . Furthermore, endocapillary hypercellularity was found to be associated with a worse response to steroid therapy independently (HR = 2.849, 95% CI: 1.244-6.524, p = 0.013) (Table IV) . In univariate Cox analyses, global glomerulosclerosis (p < 0.001), tubular atrophy and interstitial fibrosis (p < 0.001), and lymphocyte and monocyte infiltration (p < 0.001) were strongly associated with renal survival. Clinical parameters, including MAP (p < 0.001) and eGFR (p < 0.001), had a significant influence on renal survival. In multivariate Cox analyses, model A (only pathologic parameters were considered) suggested that global glomerulosclerosis (HR = 1.029, 95% CI: 1.007-1.052, p = 0.011) and tubular atrophy and interstitial fibrosis (HR = 7.427, 95% CI: 1.135-48.617, p = 0.036) may be independent predictors of renal survival. Nevertheless, after adjusting for clinical parameters and treatment schemes in model B, only eGFR at baseline (HR = 0.940, 95% CI: 0.901-0.980, p = 0.004) was a predictor for doubling creatinine or end-stage (Table V) .
Discussion
This study was designed to analyze the role of immunosuppressive therapy and identify independent predictors of therapeutic effectiveness and renal outcome in IgAN patients with proteinuria between 1 and 3.5 g/day who all received RAS blockade. We demonstrated that patients who received immunosuppressive therapy presented with more proteinuria, microscopic hematuria and hypoalbuminemia but similar pathologic lesions. Immunosuppressive therapy combined with RAS blockade, rather than RAS blockade therapy alone, was more effective in reduction of proteinuria but did not improve renal outcome, possibly because of the higher level of baseline proteinuria in group B. In addition, after adjusting for the influence of clinical parameters and immunosuppressants, steroid therapy may be an independent predictor for good response to treatment, and endocapillary hypercellularity seemed to be an independent predictor for poor response to steroid therapy. However, we observed that only eGFR at baseline can predict renal outcome independently of the pathologic features.
RAS blockade (ACEI and ARB) are widely used in the treatment of IgAN, because they eliminate two major progression factors (hypertension and proteinuria) and block the negative effects of angiotensin II in the kidney [15] . However, RAS blockade alone fails to achieve lowering of proteinuria in about 30-40% of patients [16] . Two small, randomized controlled trials from China (n = 63) and Italy (n = 97) suggested that compared with an ACEI alone, the addition of steroids to ACEI therapy provided more benefit in IgAN patients with proteinuria > 1 g/day [17, 18] . Most other randomized controlled studies and systematic reviews indicated that steroid therapy, especially high-dose therapy, was associated with decreased protein- uria and reduced risk of ESRD [19] [20] [21] [22] . Our study also showed that immunosuppressive therapy, especially steroid therapy, could have a greater effect on reduction of proteinuria in IgAN patients. Additionally, steroid therapy may be an independent factor for good reduction of proteinuria. Intriguingly, our subgroup analysis further revealed that endocapillary hypercellularity was a risk factor for poor response to steroid therapy. Endocapillary hypercellularity was found to be more common in patients who received immunosuppressive therapy and associated with response to steroids [6, 11, 23] ; however, it was unknown whether endocapillary hypercellularity could be a predictor for therapeutic effectiveness independent of clinical and other pathologic features. So our result still needs to be confirmed by further studies.
Finally, we analyzed the predictors of renal outcome, especially the association between pathologic features and renal outcome, which has been a controversial topic before. Alamartine et al. analyzed 183 patients with IgAN with a mean follow-up duration of 6 years and denied the predictive value of the Oxford classification for renal outcome [13] . However, Zeng et al. demonstrated that mesangial hypercellularity and tubular atrophy/interstitial fibrosis lesions showed a similar predictive value regarding renal outcome in Chinese patients with IgAN, as presented in the Oxford cohort study [6, 11] .
Shi et al. reported that segmental glomerulosclerosis and tubular atrophy/interstitial fibrosis were confirmed as predictive factors of ESRD independently of the clinical features and treatment; this finding was similar to a validation study from Japan [12, 24] . Recently, two studies from the United States and Korea showed that the degree of tubulointerstitial fibrosis was the only independent predictor of renal outcome [25, 26] . In our study, only eGFR at baseline could be a better independent predictor for renal survival than pathologic features, including the Oxford classification, although when only considering pathologic features, glomerulosclerosis and tubular atrophy/interstitial fibrosis may be risk factors. The diverse conclusions about the pathological predictors of renal outcome might be associated with the following reasons. First, the study schemes in these studies were not the same. Some features, such as treatment, were not included in analyses. Second, these studies were retrospective studies in different centers; thus, distinguishing pathologic evaluation by pathologists and therapeutic strategies decided by clinicians might influence the results. Finally, patients enrolled in these studies had different clinical characteristics at baseline and came from different ethnic groups. Therefore, it is necessary to conduct larger sample size, prospective studies with a longer follow-up period to evaluate the pre-dictive value of pathologic features including the Oxford classification on the therapy effectiveness and renal survival in IgAN.
However, our study had several limitations. First, it was a retrospective study in a single center with a small sample size, which resulted in the non-uniform distribution of patient numbers between the two groups and might lead to some bias. For example, the therapy selection was decided by clinicians individually and tendentiously without uniform criteria, which may result in selection bias. The patients with more severe proteinuria were more likely to be treated with immunosuppressive therapy, which may make a difference in baseline proteinuria between the groups. As a result, renal outcome may be impacted even though proteinuria at baseline was adjusted. Second, the follow-up time was not long, so we may not discover a significant difference in the renal survival between the two groups; therefore, the long-term influence of immunosuppressive therapy on renal survival needs to be observed in longer follow-up. Thirdly, all patients received RAS blockade, so it was difficult to analyze its predictive value for therapy effectiveness and renal outcome. Furthermore, repeat biopsy was not performed to check the influence of treatment or disease deterioration on the kidney. All of these aspects need to be improved and perfected in future studies.
In conclusion, steroid therapy could be an effective therapy in proteinuric IgAN patients, and endocapillary hypercellularity seemed to predict poor response to steroid. Renal function at baseline rather than treatment strategies and pathologic features may be associated with renal survival independently.
